Improving the sensitivity, response time, and lifetime of semiconductor oxygen sensors, and widening their applicability are expected to influence various fields such as biological science, industrial processing, medical treatment, and agriculture. Most semiconductor oxygen sensors detect oxygen attachments on the surface, principally using chemical means. Such sensors are applicable for various gases such as CO, ethanol, H 2 , and H 2 O, which remove oxygen from the surface [1] [2] [3] . Among various detection mechanisms, ultraviolet (UV) light assisted nanostructure (NS) oxygen sensors have attracted much attention because they provide benefits not only of high sensitivity 4, 5 , but also of low working temperature 4, 5 . In fact, ZnO is studied extensively for use as a UV-assisted NS oxygen sensor. Room-temperature operation of UV-assisted ZnO NS oxygen sensors has been reported. Furthermore, sensitivities of various ZnO nanoparticles have been reported according to their size and production method 4, 6 . Actually, ZnO NS conductance is well known to respond to UV light excitation and to oxygen pressure 5, 7 . Nevertheless, those mechanisms must be elucidated further to realize highly sensitive oxygen sensors and photodetectors. For example, although a temporal change of conductance for the excited ZnO NS can be well simulated 8 , that with modification of oxygen pressure has not been achieved yet. This letter presents a simulation of temporal changes as functions of oxygen pressure and UV power. The simulations provide useful models for photodetectors and oxygen sensors. Furthermore, results suggest that an oxygen sensor can be operated using the initial temporal change instead of equilibrium conductivity (requiring >0.3 s in our case), the response time can be shortened considerably. The model presented in this report includes the assumption that the electron conduction channel is reduced by a depletion layer caused by chemisorbed oxygen at the oxygen chemisorption site 3 . Results of this study suggest that the effective ZnO NSs sensor requires not only singly charged oxygen vacancy (V O + ), but also interstitial zinc atoms (Zn i ). We believe that the energy of Zn i is close to the conduction band because the existence of shallow defects has been reported for sensitive sensors 9 .
For our study, we applied nanoparticles (NPs) as NSs. The ZnO NPs were prepared using laser ablation in water-ethanol mixtures. The liquid pressure and the concentrations are modified to generate various NPs. Details obtained from synthesis and photoluminescence (PL) spectroscopy of the generated NPs have been presented in our previous report 10 . Table 1 presents the relative PL signal ratios for several peaks for several processing conditions. The near band edge peak reported earlier is now assigned to a zinc vacancy defect 11 .
To produce the test devices, the NPs are cast on platinum interdigitated electrodes (10 μm curve is generated from the current and voltage curves calculated using Ohm's law. We confirmed that the resistance is independent of the voltage in the tested conditions used for this study.
Although we tested several samples for each synthesis condition, no response was observed with those prepared in pure and 50% water, irrespective of the pressure during synthesis. Comparing the contrasting conductance changes with PL peak intensities shown in Table 1 , it can be inferred that shallow defects reported by Sharma et al. photo-emission (hν ). By the latest assumption (v), the recombination center density is assumed to be constant because the density is generally very high 9, 14 . Consequently, the electron and hole lifetimes are mutually independent. The processes described above are presented in Table 2 as six 5 reactions. The existence of these processes is supported by previous reports 3, 9, 14, 15 . Assumptions we have made to fit the temporal change of the conductance are that (vi) the nominal area of the electron conduction channel is reduced by the depletion layer, and that the area reduction rate is proportional to the chemisorbed oxygen density. These assumptions are supported qualitatively by the fact that the conductance of a ZnO nanowire decreases concomitantly with increasing ambient oxygen pressure 17 . Furthermore, the current is assumed to be carried dominantly by conductionband electrons. The hole current is neglected in our analysis presented here. Consequently, conductance (an inverse of the resistance R (Ω)) can be described as From the six reactions in Table 2 Indeed, the dependence of the initial tilt on the oxygen pressure is apparent in Fig. 1(b) and Fig. 2(b) . Furthermore, we experimentally confirmed a linear relation between UV-light intensity and the initial tilt (results not shown), as suggested by eq. (5). Revisiting Fig. 3 , it shows theoretical fitting by eq. (5). In this fitting, a product of r 2 and site for ZnO NPs synthesized at high pressure is more than 20 times greater than those synthesized in atmospheric pressure. The difference shows that more oxygen chemisorption sites on ZnO NPs produced at high pressure if one assumes a similar r 2 (reaction constant of the oxygen desorption from the chemisorption site).
We assumed that this difference is attributable to the different particle sizes between the pressures during syntheses. Our previous work suggests that the particle size decreases with ambient pressure increase 17 . With a decrease of ZnO NPs size, the surface oxygen chemisorption sites increase. Consequently, it is reasonable to infer that the density of the O 2 chemisorption sites, which we believe are surface V O + defects, is higher on the ZnO NPs produced at higher pressure.
Finally, Fig. 4 presents a simulation of the temporal change of the conductance of ZnO NPs electrodes after UV-light irradiation. The examples presented in Fig. 4 portray results obtained for
ZnO NPs synthesized at atmospheric pressure. These theoretical curves apply constants from eq. (5) fitted to the initial tilts, then other parameters in eqs. (2)- (4) 
